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Abstract
Clinimetrics is a methodologic discipline that focuses on the quality of clinical measurements, for example, diagnostic characteristics
and disease outcomes. Different clinimetric properties, such as reproducibility and responsiveness, are important in both the development and
the evaluation of measurement instruments. This article presents a number of the current challenges in clinimetrics: there is much confusion
with regard to terminology, clinimetric properties are population and situation-dependent, and the abundance of different measurement
instruments in specific fields hampers the comparison of study results. Further challenges lie in the improvement of the quality of both
the measurement instruments and the performance of the actual measurements, and the assessment of the suitability for use in clinical
practice. From the perspective of evidence-based medicine, it is essential to have measurement instruments that make it possible to detect
clinically relevant improvements that are due to diagnostic and therapeutic interventions. Close collaboration between clinicians, statisticians,
epidemiologists, and psychologists is necessary to guarantee healthy future developments in clinimetrics, serving the needs of both clinical
research and clinical practice.  2003 Elsevier Inc. All rights reserved.1. Introduction
Alvan Feinstein introduced the term “clinimetrics” in the
medical literature in the mid-eighties of the last century,
as a methodologic discipline focussing on measurement
issues in clinical medicine [1,2]. Clinical phenomena to be
measured include symptoms, pathophysiologic findings, and
disease status or severity. Despite the new term, the field of
clinimetrics is not new. It can be considered as a branch
of biometrics, a long-standing discipline of the methodology
of measuring biologic phenomena. Another related metric
discipline is psychometrics, which is concerned with psy-
chologic phenomena. With the introduction of the term clini-
metrics, Feinstein drew attention to the importance of
specific measurement problems in medicine [2]. In this arti-
cle we will describe a number of important challenges for
the clinimetric research agenda in the coming years.
2. Scope
Clinimetrics focusses on the quality of clinical measure-
ment. Quality of measurement includes both the quality of
the measurement instruments and the quality of performance
of the actual measurements [2]. Clinical measurement instru-
ments encompass not only x-rays and other imaging
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surements in serum and urine samples, questionnaires and
interviews, but also patient history and physical examina-
tions performed by care providers. The quality of perfor-
mance of the measurements depends, for example, on the
expertise of the persons carrying out the measurements,
the quality of the sample, or the amount of attention paid
by a patient to a questionnaire.
Evaluation of the quality of measurement instruments is
the central issue in choosing or designing an instrument,
while the quality of performance is crucial when using mea-
surement instruments in research or clinical practice. To
choose the best available measurement instrument either for
research purposes or in clinical practice, one has to judge
the clinimetric properties of candidate instruments from
the literature or carry out empirical research to assess these
properties. If the instrument we need is not yet available, a
new instrument has to be developed and, of course, to be
evaluated on its clinimetric properties. Investigators often
prefer to develop a new instrument for their own research.
However, before developing a new instrument, one should
always search intensively for any available instruments that
may suit the purpose at issue. It often is underestimated
how many potentially suitable measurement instruments
already exist, and also how long it takes to develop and
evaluate a new instrument.
Both in the choice of existing measurement instruments
and in the development of new instruments the aim of the
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the constructs or aspects one wants to measure, as well as the
purpose of the measurement. One has to decide, for in-
stance, whether the instrument is intended to discriminate
between subjects at one point in time (discriminative mea-
surement), or to measure change over time (evaluative
measurement) [3,4]. This purpose determines which clini-
metric properties of an instrument are most important. For
example, items that are very helpful in the cross-sectional
discrimination of subjects may be less useful to detect clini-
cally relevant change [3,4]. The variable age may be included
in a diagnostic index to differentiate between knee arthrosis
and arthritis, but age is useless in an evaluative measurement
instrument because it cannot be influenced.
For the development of questionnaires the necessary ini-
tial steps consist of item selection and item reduction. Scor-
ing options and weighing of the items are other issues that
need to be settled [2,5]. These developmental issues are
not only applicable to questionnaires but also to other mea-
surement instruments. Suppose that a new imaging technique
produces an image that makes more anatomic structures or
pathophysiologic processes visible than any other technique.
We then have to determine which of the new elements in
the images are clinically relevant for the diagnosis, progno-
sis, or choice of treatment, and what the most appropriate
scoring categories would be.
After the development of a measurement instrument, the
quality of the instrument has to be assessed [2,5]. Validity
is the essential issue in the quality of a measurement instru-
ment. A measurement is valid if it measures what it is
intended to measure. Reproducibility is the extent to which
repeated measurements yield the same outcome. A poorly
reproducible measure decreases validity if measured only
once, because it gives different outcomes at each measure-
ment. It requires averaging of repeated measurements to
diminish measurement error. For evaluative measurements,
the essential clinimetric property is responsiveness [6],
which means that an evaluative measurement instrument
should be able to detect clinically relevant changes in health
status over time. Responsiveness can be seen as longitudinal
validity, meaning that an instrument should detect changes
in persons who actually change and no or only small
changes in persons who remain stable over time [7].
2.1. Challenges
Clinimetrics, as a methodologic discipline, offers many
exciting challenges. Below we list five important challenges
for the clinimetric research agenda in the coming years.
2.1.1. Confusion in terminology
There are many types of validity. Following the defini-
tions of Streiner and Norman, criterion validity is the most
powerful type. In this case a gold standard is available, and
it is possible to examine the extent to which a measurement
instrument provides the same results as the gold standard.In the absence of an acceptable gold standard, construct
validity is the next best option. Then, for instance, the corre-
lation of the measurement instrument under study with other
instruments that claim to measure the same construct is
assessed. To examine construct validity it is necessary to
define hypotheses about how the scores on the instrument
under study will correlate with the scores on other instru-
ments. Confirmation of these hypotheses gives support to
the validity of a measurement instrument. Content validity
concerns judgment whether all important components of
the construct to be measured are covered by the instrument.
Face validity implies an overall judgment of adequacy on
the face of it, without paying close attention to the compo-
nent parts. Although, in the opinion of some, at the bottom
in the ranking of powerfulness, face validity may be very
important in some cases, particularly for indexes that are
intended to reflect observations and intuitions of clinical
experience. Unfortunately, the above definitions of criterion
and construct validity are by no means universal, and many
other definitions of the various types of validity also can be
found in the literature [5].
Reproducibility includes two concepts: reliability and
agreement [8], but the distinction between these terms is
not always appreciated. Agreement represents lack of mea-
surement error. Reliability represents the extent to which
individuals can be distinguished from each other, despite
measurement errors. A reliability coefficient relates the vari-
ation due to measurement error to the variation between
individuals within a population. Acceptable reliability will
vary depending on the circumstance. Let’s take the example
of body weight. It is found that repeated measurements with
a weighing scale vary around the “true” weight by 0.5 kg.
This is an indication of agreement. This would be acceptable
reliability if the measurements are focussed on an adult
population, but not when it is used to weigh babies. In a
heterogeneous population, individuals are more easily distin-
guished from each other, and the reliability of a measurement
instrument will be greater, given the same measurement
error. Reliability parameters are important when the aim is to
discriminate between individuals, and agreement parameters
are important when one wants to detect changes in health
status over time [4,7].
Responsiveness is an important clinimetric parameter
for measurement instruments that aim to measure change over
time, for example, outcome measures in studies on the effects
of treatment [3,4]. In a short period of time, 25 definitions
and 31 different formulae have been developed to calculate
responsiveness [9]. These different measures can be grouped
according to different conceptualizations of responsiveness
[9–12]. The most important distinction is made between
responsiveness measures that quantify the treatment effect
(effect size) and measures that focus on the longitudinal
construct validity by assessing the correlation of change
scores with another measure (external standard) for change
[9,12]. Norman et al. label these two categories as distribu-
tion-based and anchor-based measurements of change, re-
spectively [12]. Suppose that in a trial on exercise therapy for
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assessed by different measurement instruments, for example,
the patients complete the Roland Disability Questionnaire
and Oswestry Disability Questionnaire. Additionally the
physiotherapist makes a judgement about function after
physical examination. In the distribution-based approach, the
instrument that shows the largest improvement in function is
considered to be the most responsive one. With the anchor-
based approach, the improvement on each measurement in-
strument is correlated with an external standard for change.
This external standard can, for example, be the opinion of
the patient or doctor about whether or not the health status
has improved. The measurement instrument that shows the
highest correlation with the external standard is considered
to be the most responsive. Obviously different instruments
can be identified as being most responsive by each approach.
To cope with the current confusion in terminology, specifi-
cation of the type of validity, including the reproducibility
and responsiveness at issue, is of ultimate importance. Hope-
fully, over the next few years, consensus can be reached on
an unequivocal taxonomy of clinimetric properties and their
most appropriate operationalizations.
2.1.2. Clinimetric properties are relative concepts
Unfortunately, validity is not a “black or white” issue:
being valid or not valid. First, the assessment of criterion
validity is only possible if an acceptable gold standard exists.
In other cases one has to rely on construct validity and to
define specific hypotheses with respect to the extent to which
the instrument under study correlates with other instruments
(partly) measuring that same construct. These hypotheses will
be confirmed or rejected, sometimes very convincingly, but
in other situations the conclusions will be doubtful. If the
Pearson correlation coefficient between two measurement
instruments was hypothesized to be higher than 0.70, a value
of 0.84 is much more convincing than a value of 0.72.
We obviously have to deal with various degrees of validity,
and the challenge is to decide whether the degree of validity is
sufficient. Another reason why validity, reproducibility, and
responsiveness are relative concepts is because these proper-
ties are situation-dependent. If a study concludes that a spe-
cific measurement instrument appears to be valid, this fact
is readily adopted by researchers who need a validated instru-
ment. However, the question of whether the instrument is
also sufficiently valid for another purpose or in another
situation is typically ignored. Validity is dependent on the
population in which the instrument is intended to be used
and on the size of the effects that the instrument is required to
detect. Is the Roland Disability Questionnaire equally valid
or responsive in patients with severe back pain as with
mild back pain, or in patients with lumbar radicular syn-
drome who may also have pain in the leg? Are there ceiling
or floor effects in the instrument? Furthermore, instruments
that are valid for discrimination may be invalid for evalua-
tion. Thus, clinimetric properties are very much situation-
specific, and depend highly on the study population and the
measurement circumstances.Another important issue is the distinction between the
validity of the measurement instrument and the actual perfor-
mance of the measurement. If the measurement is performed
suboptimally, the instrument itself may be sufficiently valid
but the performance may not. For example, assessment in
a study of the validity of biopsies in routine clinical practice
should not be performed by experienced experts, but by
pathologists who are a sample of the pathologists who assess
the biopsies in routine clinical practice. This all illustrates that
one has to look carefully at the circumstances of validity
studies and be cautious in generalizing the results to other
situations.
2.1.3. There are too many measurement instruments
The tendency of researchers to develop their own mea-
surement instruments has led to an enormous redundancy
in instruments. In 1987, Feinstein already found 230 instru-
ments to measure mobility [2]. To be valuable for further
use in other studies, it must be clear for which purpose the
instrument has been developed and for which populations
and situations it has been validated. A systematic review
of the clinimetric properties of the available measurement
instruments in a specific field may facilitate the choice of
an instrument, that is, these reviews of measurement instru-
ments indicate the number of existing instruments to measure
the construct at issue, summarize their clinimetric properties
and purposes, and give direction to further validation stud-
ies, if necessary. Good examples include those by Bialocer-
kowski et al. [13], who inventoried all wrist outcome
instruments and described their content and methodologic
quality, and Coons et al. [14], who examined the clinime-
tric properties of seven broadly used general Health Related
Quality of Life scales (HR-QOL). We strongly feel that
systematic reviews of available measurement instruments
should precede the decision to develop a new measurement
instrument, analogous to the need for a systematic review
of available trials in a specific field before one decides to
design a new trial.
Another strategy that can be applied to cope with the
existence of many measurement instruments for the same
construct (e.g., functional status in patients with low back
pain) is to examine whether they can be compared to each
other in such a way that the score on one instrument can be
converted into a score on another instrument. It would, for
example, be helpful to know which score on the Oswestry
Disability Questionnaire corresponds with a value of 14 on
the Roland Disability Questionnaire, and how many points
improvement on the Oswestry Disability Questionnaire cor-
responds to an improvement of five points on the Roland
Disability Questionnaire. Appropriate methods are still
under development [15]. When many different measurement
instruments to measure functional status in low back pain
are used in different trials, this hampers comparison of the
results. Therefore, equalization of outcome measurements
would be very helpful in systematic reviews of effectiveness.
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The previous paragraphs focussed on the development
and the evaluation of the quality of measurement instru-
ments. The ultimate challenge for clinimetrics is to improve
the validity of measurements, either by increasing the quality
of the measurement instruments as such, or by improving
the quality of the performance in practice. The optimal start-
ing point is the choice of the instrument that is the most valid
for the situation at issue. But further improvement of the
quality of the actual measurements can often be achieved
by optimizing the circumstances of performance of measure-
ment. For example, to improve the reproducibility a number
of strategies are available: training the persons who are to
perform the measurements, standardization of the tests and
the test circumstances, feedback to those who have shown a
low interobserver reproducibility, or repeated measurements
and averaging the results if the intraobserver or interobserver
reproducibility remains low. This underlines the importance
of protocols to optimize the quality of actual measurements,
both for research purposes and clinical practice.
Another improvement in measurements may come from
a new theory underlying the development of measurement
instruments. More and more often the Item Response Theory
(IRT) [16] is replacing the Classical Test Theory (CTT),
which splits observed scores in true scores and error vari-
ances. The advantages of instruments developed according
to the IRT are that their psychometric properties are less
dependent on the population and situation, patients’ scores
can be compared if different versions of the tests are used,
and the items of a test can be tailored to the severity of a
patient’s condition [5,16]. An important requirement for the
application of the IRT is that the test is unidimensional
[5,16]. Therefore, the value of the IRT for clinimetrics that
focusses mainly of multidimensional indexes remains to
be seen.
2.1.5. Clinimetrics in clinical practice
Although Feinstein defined clinimetrics as an important
discipline for clinical practice, it has mainly been applied
in clinical research, in which typically more attention is
paid to measurement error than in clinical practice. How-
ever, considering the importance of measurement error, this
should obviously be the other way around. In clinical re-
search it is easier to detect measurement errors, because they
can be seen on the scatter plot of repeated measurements,
while in clinical practice there is usually only one measure-
ment. Moreover, in clinical research it is easier to deal
with measurement errors by looking at the averages for a
group of persons, while in clinical practice there is often
only one measurement per patient, so it is not possible to
average any measurements. Therefore, the quality require-
ments for measurements in clinical practice should be higher
than for clinical research. We believe that it is important to
raise awareness about this issue within the medical commu-
nity, and to offer practical solutions to improve the quality
of measurements in clinical practice.3. The future of clinimetrics
In modern medicine the importance of clinimetric issues
is increasing for several reasons. First, the strong emphasis on
evidence-based medicine requires the value of clinical inter-
ventions to be shown empirically, which implies measure-
ment of outcomes. Second, because of the current high
standards of medicine in the Western world, the added value
of diagnostic tests and therapeutic interventions becomes
smaller and smaller. So, if we still want to show improve-
ments, our measurement instruments must meet the chal-
lenge to detect smaller changes. This will obviously increase
the standards for the reproducibility and (longitudinal) valid-
ity or responsiveness of measurements. Third, it appears that
we are currently encountering a number of “new” diseases
that are rather challenging diagnostically, for example, repet-
itive strain injury and chronic fatigue syndrome. This espe-
cially emphasizes the need to further develop methods for
the construct validation of diagnostic tests, typically by com-
parisons with indicators of symptom severity and prognosis.
Fourth, technical developments are continuously improv-
ing the diagnostic potentials, for example, by making more
anatomic structures and pathophysiologic processes visi-
ble. But these data still have to be interpreted, and because
the observations and interpretations often have to be made by
the medical specialists, this keeps them dependent on the
views and opinions of care providers. All new measurement
instruments require a critical evaluation of their clinimetric
properties and their relevance for diagnosis, prognosis, or
choice of treatment. The emphasis of this evaluation should
not only be on technical performance, but also on interpreta-
tion of the data.
Close collaboration between clinicians, statisticians, epi-
demiologists, and psychologists is necessary to guarantee a
healthy future development of clinimetrics, serving the needs
of both clinical research and clinical practice.
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